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Identification of the p Si"* 1 -PCNA Interaction Site and 
Therapeutic Applications T hereof 

Field of the Invention 

5 

The present invention relates to the area of cancer 
therapeutics. More particularly, the present invention 
relates to the identification of the region of p21 WA " 
responsible for binding to proliferating cell nuclear 

10 antigen (PCNA) and substances, fragments and mimetics based 

on this region. The present invention also relates to 
pharmaceutical compositions comprising these molecules and 
their use in therapeutic applications for inhibiting DNA 
replication or binding of PCNA, for example in tumour and 

15 other hyperprolif erative cells. 

Background of the Inv ention 

p21 vmF1 is a protein that may be transcriptionally induced by 
20 the tumour suppression protein p53 and acts as a potent 

inhibitor of cyclin dependent kinases (Cdks) in Gl and S 
phases of the cell cycle. Thus, P 21 WW1 acts as a regulator 
of the cell cycle in response to activation of the p53 
checkpoint pathway at least in part by inhibiting Cdk 
25 activity (1-3) . P 2l WAF1 is also known as p21 CIP1 (9) P 2f ic 

(33) p20 CAP (34) and Sdil (35) . 

Complexes between p21 WAFl and Cdks can exist in both 
catalytically active and inactive forms, suggesting that 

30 the regulation is a subtle effect (4) . p21«*» has also been 

reported to bind to PCNA at high concentration in vitro and 
block DNA replication (5) . PCNA is a processivity factor 
for polymerase 6 which plays an essential role in DNA 
replication and repair (6, 7). In transformed cell lines, 

35 P 21 WAF - expression is depressed, and cyclin dependent kinases 

are found in a Cdk/cyclin binary state, rather than in 
Cdk/Cyclin/p21 HRFl /PCNA complexes, although the stoichiometry 
of these complexes is not clear (I. 8-10) . Thus, it 
appears that during p53 -mediated suppression of cell 
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proliferation, p21 WAF1 is important for co-ordinating cell 
cycle progression, DNA replication and repair of damaged 
DNA. 

Summary of the Invention 

We have now found that p21 WAF1 interacts with PCNA in vivo 
and at concentrations far lower than those reported 
previously. The mapping of the region of p21 WAF1 that is 
responsible for the interaction with PCNA is also 
disclosed. In particular, the applicants have found that 
peptides derived from the C- terminal region of p21 WAF1 bind 
to PCNA and have shown that this accounts for the 
inhibition of DNA replication. The interaction of p21 WVF1 
with cyclin-Cdks and PCNA provides the possibility of using 
p21 wafi to C o-ordinate cell proliferation and cell cycle 
control . 

The applicants used a yeast two hybrid screening technique 
to establish an in vivo interaction between the C-terminal 
part of p21 WAF1 and PCNA. In particular, analysis of a 
series of overlapping peptides representing the protein 
sequence of p21 WAF1 identified a 20 amino acid peptide 
(residues 141-160) which showed high affinity and 
5 selectivity of binding to PCNA, and also inhibited SV40 DNA 

replication in vitro in a concentration-dependent manner. 
Further experiments have shown that residues essential for 
PCNA binding and inhibition lie within the motif defined by 
the sequence QTSMTDFY. 

0 

This high affinity of the interaction between PCNA (from 
both normal and tumour cells) and the p21 HAF1 peptide means 
that it is possible to use these peptides, or fragments or 
mimetics thereof, in tumour therapy and in the treatment of 
5 hyperproliferative diseases in which PCNA is implicated, eg 

cancer or psoriasis. 
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Accordingly, in one aspect, the present invention provides 
a substance which has the property of binding to PCNA, said 
substance comprising: 

(i) a fragment of the p21 WAF1 protein including residues 
5 141 to 160 of the p21 WAF1 amino acid sequence, or an active 

portion or derivative thereof; or, 

(ii) a functional mimetic of said protein fragment. 

In the present invention, "an active portion" means a 
10 peptide which is less than said full length p21 WAF1 amino 

acid sequence, but which retains the property of binding to 
PCNA. 

In the present invention, "functional mimetic" means a 
15 substance which may not contain an active portion of the 

p21 WAF1 amino acid sequence, and probably is not a peptide at 
all, but which has the property of binding to PCNA. 



20 



25 



30 



35 



In the present invention, "a derivative" means a fragment 
of the p2l WAFl protein modified by varying the amino acid 
sequence of the protein, eg by manipulation of the nucleic 
acid encoding the protein or by altering the protein 
itself. Such derivatives of the natural amino acid 
sequence may involve insertion, addition, deletion or 
substitution of one or more amino acids, without 
fundamentally altering the essential activity of the 
protein . 

Preferably, the fragment of the p21 HAfl protein includes 
residues 144 to 151 of the P 21 WAF1 amino acid sequence, these 
residues defining a sequence motif QTSMTDFY, where residues 
shown in bold are critical for PCNA binding, and those 
underlined are important. 

Thus, in one embodiment, the present invention provides a 

o 1 WAF1 

class of peptides based on the C-terminal region o. p2i ^ 
These compounds may be useful in the preparation of 
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pharmaceuticals for treating conditions in which PCNA is 
implicated, including hyperprolif erative diseases, such as 
cancer and psoriasis. These peptides preferably include 
the sequence motif KRRQTSMTDFYHSKRRLIFS, as shown in Figure 
4b, or still more preferably, the sequence motif QTSMTDFY, 
and functional variants or mimetics of these peptides. 

In a further aspect, the present invention provides 
pharmaceutical compositions for inhibiting DNA replication 
and/or binding PCNA comprising one or more of the above 
peptides or mimetics. Optionally, the pharmaceutical 
compositions comprise one or more of the above substances 
in combination with a physiologically acceptable carrier. 

In a further aspect, the present invention provides the 
peptides, mimetics and compositions described above for use 
in methods of medical treatment, such as inactivating or 
functionally depleting PCNA in cells, especially tumour 
cells . 

In a further aspect, the present invention uses a method of 
screening polypeptides for binding to PCNA comprising: 

(i) transforming yeast cells with a vector capable of 
expressing a fusion of the DNA binding domain of Gal4 and 
PCNA, the yeast cells being capable of expressing one or 
more reporter constructs under the control of the Gall 
promoter; 

(ii) transforming said" yeast cells with one or more 
vectors capable of expressing a fusion of the activation 
domain of Gal4 and a given candidate polypeptide; and, 

(iii) detecting the production of the reporter 
constructs caused when the candidate polypeptide binds to 
PCNA, thereby reconstituting the Gal4 transcriptional 
activity. 

This method is used below to detect the interaction between 
artificially synthesised peptides and PCNA to define the 
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PCNA binding site in p21 WAF1 more specifically. However, it 
could readily be used to screen candidate peptides, eg 
mimetics, for PCNA binding activity, 

5 The designing of mimetics to a known pharmaceut ically 

active compound is a known approach to the development of 
pharmaceuticals based on a "lead" compound. This might be 
desirable where the active compound is difficult or 
expensive to synthesise or where it is unsuitable for a 

10 particular method of administration, eg peptides are 

unsuitable active agents for oral compositions as they tend 
to be quickly degraded by proteases in the alimentary 
canal. Mimetic design, synthesis and testing is generally 
used to avoid randomly screening large number of molecules 

15 for a target property. 

There are several steps commonly taken in the design of a 
mimetic from a compound having a given target property. 
Firstly, the particular parts of the compound that are 

20 critical and/or important in determining the target 

property are determined. In the case of a peptide, this 
can be done by systematically varying the amino acid 
residues in the peptide, eg by substituting each residue in 
turn. These parts or residues constituting the active 

25 region of the compound are known as its « pharmacophore " . 

Once the pharmacophore has been found, its structure is 
modelled according to its physical properties, eg 
stereochemistry, bonding, size and/or charge, using data 
30 from a range of sources, eg spectroscopic techniques, X-ray 

diffraction data and NMR. Computational analysis, 

similarity mapping (which models the charge and/or volume 
of a pharmacophore, rather than the bonding between atoms) 
and other techniques can be used in this modelling process. 



35 



in a variant of this approach, the three-dimensional 
structure of the ligand and its binding partner are 
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modelled. This can be especially useful where the ligand 
and/or binding partner change conformation on binding, 
allowing the model to take account of this the design of 
the mimetic. 

A template molecule is then selected onto which chemical 
groups which mimic the pharmacophore can be grafted. The 
template molecule and the chemical groups grafted on to it 
can conveniently be selected so that the mimetic is easy to 
synthesise, is likely to be pharmacologically acceptable, 
and does not degrade in vivo, while retaining the 
biological activity of the lead compound. The mimetic or 
mimetics found by this approach can then be screened to see 
whether they have the target property, or to what extent 
they exhibit it. Further optimisation or modification can 
then be carried out to arrive at one or more final mimetics 
for in vivo or clinical testing. 

Brief Description of the Drawings 

Figure 1: Strategy for detecting PCNA Interacting Proteins 
(pips) using the two hybrid system. 

The plasmid pas-pcnahs was constructed which expresses a 
hybrid protein between the DNA binding domain of Gal4 
(amino acids 1-147; Gal** 5 ) and human PCNA (13). This 
plasmid was transformed into the S.cerevisiae strain Y190 
that expresses the reporter genes IacZ (E.coli) and HIS3 
{S.cerevisiae) under the control of the GAL1 promoter (30). 
The resulting. transf ormants did not activate either of the 
reporter constructs in this strain; IacZ (as determined by 
a filter lift assay for 0-galactosidase (31) or HIS3 
(assayed by growth on SDA (SD plus adenine) supplemented 
with leucine and containing 50mM 3-aminotriazole) (14) . 
This transformant strain was then itself transformed with 
a human cDNA library in the vector pACT where cDNAs are 
expressed as fusion constructs with the activation domain 
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of Gal4 (amino acids 768-881) (12) . 

Tranformants containing library- encoded PCNA interacting 
proteins (Pips) result in the re -constitution of Gal4 
5 activity, and thus in the expression of reporter 

constructs. These were selected for by plating on SDA 
containing 3-aminotriazole, while an aliquot was plated on 
SDA without 3-aminotriazole to determine transformation 
frequency. Putative positives were tested for lacZ 
10 expression as described above, then were streaked out on 

SDA containing 3-aminotriazole, and a single colony 
isolated for further analysis. cDNA library plasmids were 
rescued into E.coli strain JA226 (32). 

15 Figure 2: Summary of two hybrid screening results. 

Bars indicate the result of /5-galactosidase colony lift 
assays performed upon transformant strains, as indicated by 
plasmids named on the horizontal and vertical axes. pHSpipS 
20 and P HSpip31 encode Gal4-p21 WAF1 fusions as described in the 

text. P SPpip35 encodes the Gal*"* domain fused to upstream 
sequences of the S. pombe PCNA gene pcnl* so that pcnl* is 
expressed in-frame. 



25 



All transformants were also streaked out on SDA containing 
appropriate supplements and 3-aminotriazole to test for 
His3 expression. Only transformants which were positive in 
both tests were counted as true positives. Black bars 
indicate a strongly positive result from both tests, the 
shaded bar indicates a weak positive and white bars 
indicate a negative result. The pAS-pcna plasmids contain 
the entire open reading frame of PCNA from Homo sapiens 
(Hs), Drosophila melanogaster (Dm) and Schizosaccharomyces 
pombe (Sp) respectively in the vector pAS2 . The control 
35 plasmids pAS-SNFl, P AS-p53, pAS lamin and pAS-CDK2 are as 

described by Harper et al., (9) . 



30 
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Figure 3: Identification of p21 WAFX interacting regions in 
PCNA. 



Schematic diagram indicating structural domains within the 
5 PCNA molecule. Numbers indicate /3-sheet domains, and 

a-helices as suggested by Kong et al . , (18). Bars below 
indicate the regions of PCNA expressed as fusions with 
Gal4 ACT and the column on the right ( + /-) indicates a 
positive/negative result when tested for interaction with 
10 p21 WAF1 in the two hybrid system (32) . 

Figure 4 : Peptides of p21 WAF1 and pepscan analysis of PCNA 
binding. 

15 (a) Peptides 1-11 represent the entire protein sequence of 

p21 wAFi ( X ) f W ith overlaps between adjacent peptides. 
Peptide 63 represents the C-terminal 15 amino acids of 
PCNA. (b & c) p21 WAF1 peptides were incubated on 
streptavidin-coated ELISA dishes, the plates were washed 

20 thoroughly then cell extracts from HeLa, Xenopus or E.coli 

BL21 overexpressing PCNA were added (b) . In (c) , purified 
human PCNA from BL21 was compared with crude lysate of 
these cells on the same peptide array in ELISA. After 
extensive washing, bound PCNA was detected using polyclonal 

25 anti-PCNA antibody 3009 followed by HRP- conjugated 

anti- rabbit secondary antibody and TMB visualisation. 
Optical density at 450nm was measured. 

Figure 5. Mapping sites of p21 WAF1 ' required for PCNA binding 
30 using precipitation analysis. 

(a) All 11 peptides of p21 WAF1 separately attached to 
streptavidin-agarose beads were incubated in HeLa cell 
extract then beads were separated from the *lysate by 
35 centrif ugation . Bound proteins were analysed by SDS-PAGE 

followed by Western blotting with PC10 monoclonal anti-PCNA 
antibody followed by HRP- anti -mouse secondary antibody and 
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ECL detection. Peptides are numbered as in Fig. 4a; H 
represents undepleted HeLa extract. Molecular weight 
marker sizes are shown in kDa. The position of PCNA is 
marked by an arrow. (b) Western blot probed with 
monoclonal antibody PC10 and (c) Coomassie stained gel of 
a peptide 10-streptavidin bead precipitation from extracts 
of various human tumour cell lines (the results from seven 
out of fourteen lines tested are shown) : A431 (sample 1) , 
HOS (sample 2), SKBR3 (sample 3), BT549 (sample 4), MDA231 
(sample 5) , T47D (sample 6) and DLD1 (sample 7) . M s" 
indicates supernatant after incubation with peptide -10 
beads, and "b" contains proteins precipitated by the 
peptide-10-streptavidin agarose beads. "M" shows position 
of molecular weight standards and sizes are given in kDa. 

Figure 6: Inhibition of DNA replication by peptide 1C . 

(a) All peptides of p21 WAF1 were added to an in vitro SV4 0 
replication reaction to a final concentration of 20 ng/fil 
(hatched columns) or 40 ng/nl (filled columns) , compared 
with DMSO at equivalent dilution to the 40 ng//xl peptide 
samples, or with no addition. After 2 hours' incubation at 
3 7°C, incorporation c?f H-dTMP was measured by TCA 
precipitation and scintillation counting, (b) Peptide 10 
was added to the replication reaction at a range of 
concentrations up to 30 ng/fil, compared with equivalent 
dilutions of the peptide solvent DMSO. Extent of label 
incorporation was analysed after two hours as above. The 
same concentrations of peptide -9. (data not shown) or the 
solvent alone had no appreciable effect on levels of DNA 
synthesis . 

Figure 7. Determination of minimal binding site of PCNA on 
p21 HAF1 

(a) Peptides were generated from the P 21 WAF1 sequence with 
amino acid overlaps and 4 amino acid overhangs to cover the 
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putative PCNA binding site defined above. (b) These 
peptides were tested for ability to bind to PCNA in ELISA, 
as in Fig 4. (c) The peptides were individually analysed 
for ability to inhibit SV40 DNA replication in vitro by 
adding the peptide at the start of the replication 
reaction. Incubations were carried out for 2h at 37 °C and 
incorporation of 3 H-dTMP measured by TCA precipitation and 
filter binding. 

Figure 8. Alanine scanning of peptide 10. 

(a) Each amino acid in the putative PCNA binding site of 
p21 WAF1 (peptide 10) was sequentially changed to alanine 

("44" -"63" ) and in peptide " 64" two arginines were altered 
to alanine within the same peptide, (b) Pepscan ELISA to 
determine PCNA binding capacity of each of the peptides 
using bacterially expressed human PCNA detected with 
polyclonal antibody 3009. (c) Effect of the peptides on 
SV40 DNA replication in vitro (as in fig 7c) . 

The following examples in the detailed description are 
provided to exemplify various aspects of the invention and 
are not intended to limit the scope of the invention. 

Detailed Description 

The applicants screened for proteins that physically 
interact with human PCNA using a two-hybrid interaction 
trap system that detects polypeptide interactions via the 
reconstitution of a functional transcriptional activator in 
the yeast Saccharomyces cerevisiae (11, 12) . A plasmid 
that expresses a hybrid protein between the DNA binding 
domain of Gal4 (Gal4 AS ) and human PCNA (13) was used to 
screen plasmids expressing hybrid fusion constructs between 
DNA molecules from a human cDNA library and the DNA 
encoding the transcriptional activation domain of Gal4 
(Gal4 ACr ) (Figure 1) (12) . 



— - 
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77 His* colonies were picked from over 1 x 10 6 transf ormants 
of which 14 expressed /3-galactosidase . pACT-derived 
library plasmids were isolated from 12 of these strains 
which re-tested positive upon co-transformation with 
pAS-pcnahs (14) . Each plasmid encoding Human PCNA 
interacting protein (pHSpip) was tested for non-specific 
interactions with other Qa\^ fusions by co-transforming 
with various pAS plasmids (Figure 2), and the plasmids were 
grouped according to cross-hybridisation and DNA sequence 
analysis. Each pHSpip was also tested for interactions 
with both Drosophila melanogaster and Schizosaccharomyces 
pombe PCNA. The 12 positives fell into three classes. One 
class (pHSpip9 and pHSpip3l) showed a specific interaction 
with pAS-pcnahs. Sequence analysis indicated that these 
15 plasmids both expressed the C- terminal 89 amino acids of 

p21 wafi (s-io) in frame with Gi^4 although the vector 
sequences of one of the plasmids showed a slight 
re -arrangement. Thus, the C-terminal half of p21 WAF1 is 
sufficient for interaction with PCNA. 



10 
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Previously, clones encoding full length p2l WAFl have been 
shown to interact in the two-hybrid system with human Cdk2 
(9) . Neither of the p21 HA " clones identified here reacted 
positively with human Cdk2 in a two-hybrid assay, 
25 suggesting that the interaction between p21 w *" and Cdk2 is 

dependent upon the amino- terminal half of p21 WAF1 . In 
support of this, the Cdk inhibitor p21 kipl has a region of 
sequence similarity to an N- terminal region of p2l MAF1 , and 
a 52 amino acid peptide (Kipl • [28-29] ) corresponding to 
this region retains Cdk inhibitory activity (15, 16). 



30 



A similar screen was undertaken to search for S.pombe cDNAs 
encoding proteins that would interact with S.pombe PCNA 
(pcnl') (17) . Two of the clones identified expressed the 
35 entire open reading frame of pcnl*, suggesting that PCNA is 

able to interact with itself. These results support the 
model proposed by Kong et al (18) in which PCNA forms a 
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homo-trimer which acts as a sliding clamp tethering the 
replication complex to the DNA strand. Furthermore, pcnl* 
was found to interact with both human and D.melanogaster 
PCNA, suggesting that the interaction is evolutionarily 
conserved (Figure 2) . Human PCNA has sufficient DNA 
binding capacity for a PCNA-Gal4 ACT hybrid to activate 
reporter gene expression in the two hybrid system, so such 
a construct could not be used for two-hybrid interaction 
analysis . 

p21 WAF1 interacts with the central region of PCNA 

A series of C- terminal deletion constructs of human PCNA 
fused to Gal^ were then tested to identify regions of PCNA 
that interact with p21 WAFI in the two-hybrid assay (13) - The 
results of these experiments (Figure 3) suggest that p21 MAF1 
interacts with a central region of PCNA. Structural and 
sequence similarities between the 0 subunit of DNA 
polymerase III in E.co2i have suggested a model in which 
three PCNA molecules, each consisting of two repeated 
domains, form a toroid structure which encircles the DNA 
strand (18) . The data in Figure 3 are consistent with 
p21 w * F1 interacting with the "junctional loop" which connects 
the two domains. 

Peptide mapping of sites on p21 wl important for interaction 
with PCNA 

In order to refine the map of the site(s) on p21 WAF1 that 
interact with PCNA, the binding capability of a series of 
11 overlapping 2 0-mer peptides representing the p21 WAF1 
sequence were tested (Figure 4a) (19) . This approach has 
been used successfully to fine-map protein-protein 
interactions (e.g. p53-MDM2) and antibody epitopes (20-22) . 



The p21 WAFX peptides were linked to biotin, permitting 
attachment to streptavidin-coated ELISA plates. PCNA from 
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various sources, including HeLa cell extract, Xenopus egg 
extract and lysate of E.coli BL21 overexpressing a human 
PCNA clone (23) , were applied to the immobilised peptide 
array. Bound PCNA was detected using either polyclonal 
5 antibody 3009 that recognises the C-terminal 15 amino acids 

of native and denatured PCNA (24, 25). PCNA from the three 
sources tested binds with great specificity to peptide 10 
of sequence KRRQTSMTDFYHSKRRLIFS (Figure 4b) . The 
interaction of PCNA with the adjacent peptide 11, that 
10 shares all but the initial four residues, is much weaker 

(13% of binding to peptide 10 for bacterially expressed 
PCNA and only 3 . 8% for HeLa PCNA) . 

Similar results were obtained with monoclonal antibody PC10 
15 (26) demonstrating that the interaction between PCNA and 

peptide 10 of p21 WAF1 is specific to PCNA and not due to 
antibody cross -react ion . This specificity was confirmed 
using purified PCNA (27) which bound strongly and 
specifically to peptide 10 of P 21 WAF1 (Figure 4c) . 



20 



25 



30 



35 



p21 



HAF1 



peptides can precipitate PCNA from cell extracts 



To confirm the specificity of the interaction between 
native PCNA and P 21 WAF1 peptides further, the peptides were 
attached to streptavidin-agarose beads and incubated in 
HeLa cell extract. The proteins that were subsequently 
precipitated were separated electrophoretically , blotted 
onto nitrocellulose, and probed with anti-PCNA monoclonal 
antibody PC10 (Figure 5a) (28). •• PCNA was precipitated by 
beads carrying peptide 10, and also weakly by peptide 11. 
The peptide 10 precipitate contained a similar amount of 
PCNA as the untreated control extract (HeLa) , suggesting a 
highly efficient capture of soluble PCNA. PCNA was not 
detected in the precipitates of any other p21 w ^ peptide. 
PCNA could be quantitatively removed from extracts of 14 
other human tumour cell lines by peptide 10 beads (Figure 
5b). in some cases, e.g. SKBR3 and BT549 cells, there was 
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almost complete transfer of PCNA from the cell lysate to 
the beads. This suggests that PCNA from these tumour cell 
lines is not altered in its capacity to bind p21 WAF1 - 
Parallel gels stained with Coomassie brilliant blue show 
5 that the interaction with PCNA is highly specific, as the 

amount of total protein precipitating with the beads is 
negligible (Figure 5c) . The interaction of PCNA with the 
p21 WAF1 peptide 10 beads could not be disrupted using 100 mM 
glycine pH 2.5, 100 mM triethylamine pH 12.5 or 1.4 M NaCl 

10 in batch elution tests, demonstrating the strength of the 

binding. Strong binding could still be detected when only 
500 pg of peptide was applied to the wells in the EL ISA 
assay. These results suggest that peptide 10 beads may be 
used to deplete cell extracts of PCNA, and should therefore 

15 prove to be a useful tool in further elucidating the action 

of PCNA in DNA replication and repair. 

Inhibition of SV40 DNA replication by p2l" AP1 peptide 10 

20 p21 WAF1 has recently been reported to bind PCNA and to 

inhibit the replication of SV40 DNA (5) . Therefore, we 
examined the 20-mer peptides for their effect on SV4 0 DNA 
replication in vitro (Figure 6a) (29) . Of all the peptides, 
only peptide' 10 had a significant effect on DNA 

25 replication, reducing incorporation of 3 H-dTMP to 51% of 

control levels at 20 ng//xl and to 31% of control values at 
4 0 ng//xl. The concentration dependence of the inhibition 
of replication by peptide 10 is shown in Figure 6b. For a 
peptide, the activity is remarkably high, requiring only a 

30 ten-fold higher molar ratio than full length p21 WAF1 protein. 

Accordingly, these peptides which are capable of inhibiting 
DNA replication and/or binding to PCNA in cells may have 
important therapeutic applications in the treatment of 
tumours and other hyperprolif erative diseases, such as 

35 cancer and psoriasis. 
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Further identification of the PCNA binding region of p2l" xpi 

On the basis of the ELISA pepscan information, a new 
generation of peptides were synthesized to define the 
critical residues in the PCNA binding site on p21 WAF1 -. 
Firstly, the sequence of peptide 10 was scanned to 
determine the minimum size of the recognition sequence by 
creating a set of peptides with 4 amino acid overhangs ie 
with 16 amino acid overlap between adjacent peptides based 
on the p21 WAF1 sequence from amino acids 121 to 164 and 
including the original reactive peptide of the sequence 
KRRQTSMTDFYHSKRRLIFS (Fig 7a) . These peptides were 
immobilised on streptavidin- coated ELISA dishes and 
screened for binding to PCNA over-expressed in BL21 
bacteria. Of the 8 peptides in this array, only peptides 
designated "68", "69" and "70" bound strongly to PCNA (Fig 
7b) . Of these three, peptide "70" (identical to the 
original peptide 10) showed any appreciable inhibitory 
activity, although a slight decrease in label incorporation 
was observed with peptide "71" (Fig 7c) . Interestingly, 
neither peptide "68" nor "69" showed any capacity to block 
SV4 0 replication, despite their ability to bind to PCNA. 

Therefore, we conclude that the motif (or a part thereof) 
of KRRQTSMTDFYH is required for binding to PCNA, but that 
the more C-terminal residues SKRRLIFS may also contribute 
to PCNA binding. 

In addition, we generated a series of peptides where each 
residue of peptide 10 was altered sequentially to alanine, 
and also a double mutant with two arginines (as marked on 
Fig 8a) substituted by alanine. These peptides were tested 
in ELISA for PCNA binding capacity, and it was found that 
residues M and F were absolutely required for recognition, 
while mutation of Q, D or Y considerably decreased the 
ability to bind PCNA (Fig 8b). In general, of these 
altered peptides, those possessing greatest PCNA binding 
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capacity were most able to inhibit the replication of SV4 0 
DNA in vitro, and conversely, loss of PCNA binding 
correlated with lack of inhibition of SV40 replication (Fig 
8c) , although for some peptides (eg a modified form of 
peptide 10 with an additional 5 amino acids at the N- 
terminus and a concomitant loss of the C- terminal 5 amino 
acids) , the relationship between PCNA binding and 
replication inhibition was not as straightforward. 

Combining the results of these experiments permits us to 
define the region of p21 WAF1 involved in PCNA binding to 
QTSMTDFY, where residues shown in bold are critical for 
PCNA binding, and those underlined are important. 

In the context of the more N- terminal KRR, a consensus site 
for phosphorylation of either the serine or threonines eg 
by cAMP dependent protein kinase is observed, so binding 
PCNA may be regulated both by primary sequence of p21 WAF1 as 
defined here and also by phosphorylation of susceptible 
sites within this region. In addition, amino acids 
surrounding the minimal binding site appear to be important 
for defining the affinity of interaction with PCNA and the 
biological activity of p21 WAF1 , such as its ability to 
directly inhibit SV4 0 DNA replication in vitro. 

Thus, the above results demonstrate a strong interaction 
between PCNA and the C-terminal region of p21 HAF1 using the 
yeast two-hybrid screening method. A 20 amino acid peptide 
from p2l WAF1 binds PCNA strongly - and specifically and is 
capable of inhibiting DNA replication in vitro. Within the 
20 amino acid peptide, an 8 amino acid region was found to 
define the part of p21 HAF1 important for PCNA binding. 

Thus, these results allow the development of peptides or 
mimetics that might be used therapeutically to halt DNA 
replication in tumour and other hyperprol iterative cells 
without compromising the integrity of the genome. 
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Therapeutic applications of the present invention include 
the administration of the various peptides mentioned above 
based on the C- terminal region of p2l MAF \ in particular the 
5 20 amino acid peptide corresponding to residues 141 to 160, 

or the 8 amino acid peptide corresponding to residues 144 
to 151, or alternatively functional variants or mimetics of 
these peptides. 

10 Various methods of administration of the therapeutic agent 

can be used, following known formulations and procedures. 
Dosages can be determined by routine experimentation. The 
administration may be systemic or targeted, the latter 
employing direct (eg topical) application of the the 

15 therapeutic agent to the target cells or the use of 

targeting systems such as antibody or cell specific 
ligands. Targeting may be desirable for a variety of 
reasons; for example if the agent is unacceptably toxic, or 
if it would otherwise require too high a dosage, or if it 

20 would not otherwise be able to enter the target cells. 

instead of administering these agents directly, they could 
be produced in the target cells by expression from an 
encoding gene introduced into the cells, eg in a viral 
25 vector (a variant of the VDEPT technique - see below) . 

The vector could be targeted to the specific cells to be 
treated, or it could contain regulatory elements which are 
switched on more or less selectively by the target cells. 

30 Alternatively, the agent could be administerd in a 

precursor form, for conversion to the active form by an 
activating agent produced in, or targeted to, the cells to 
be treated. This type of approach is sometimes known as 
ADEPT or VDEPT; the former involving targeting the 

35 activating agent to the cells by conjugation to a cell- 

specific antibody, while the latter involves producing the 
activating agent, eg an enzyme, in a vector by expression 
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from encoding DNA in a viral vector (see for example, EP- 
415731 and WO 90/07936) . 
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CLAIMS: 

1. A substance which has the property of binding to PCNA, 
said substance comprising: 

(i) a fragment of the p21 MAF1 protein including residues 
141 to 160 of the p21 WAF1 amino acid sequence, or an active 
portion or derivative thereof; or, 

(ii) a functional mimetic of said protein fragment. 

2. The substance of claim 1 wherein the fragment includes 
the residues of p21 WAF1 from the motif QTSMTDFY which are 
critical, and optionally the residues which are important 
for PCNA binding activity, wherein the residues shown in 
bold are critical for PCNA binding, and those underlined 
are important. 

3 The substance of claim 1 or claim 2 wherein the 
fragment includes residues 144 to 151 of the P 21 M *" amino 
acid sequence . 

4 . The substance of any one of claims 1 to 3 wherein the 
binding of the substance to PCNA inactivates it or 
functionally depletes PCNA levels. 

5 . A pharmaceutical composition comprising one or more of 
the substances of any one of claims 1 to 4 , in combination 
with a physiologically acceptable carrier. 

6. The substance of any one of claims 1 to 4 for use in 
a method of medical treatment. 

7 The use of a substance of any one of claims 1 to 4 in 
the preparation of a medicament for treating disorders in 
which PCNA is implicated, the substance having the property 
of inhibiting DNA replication by binding to PCNA . 
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8 . The use of claim 7 wherein binding of the substance to 
PCNA inactivates it or functionally depletes PCNA levels. 

9 . The use of claim 7 or claim 8 wherein the disorders 
are hyperprol iterative diseases, such as cancer or 
psoriasis . 

10. A method of screening polypeptides for binding to PCNA 
comprising : 

(i) transforming yeast cells with a vector capable of 
expressing a fusion of the DNA binding domain of Gal4 and 
PCNA, the yeast cells being capable of expressing one or 
more reporter constructs under the control of the Gall 
promoter; 

(ii) transforming said yeast cells with one or more 
vectors capable of expressing a fusion of the activation 
domain of Gal4 and a given candidate polypeptide; and, 

(iii) detecting the production of the reporter 
constructs caused when the candidate polypeptide binds to 
PCNA, thereby reconstituting > the Gal4 transcriptional 
activity. 

11. The method of claim 10 wherein the method is for 
screening peptidyl mimetics of p21 WAF1 protein for PCNA 
binding activity. 
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Identification of the p?i "^-PCN A Interaction Site and 
Therapeutic Applications Thereof 



Field of the Invention 

The present invention relates to the area of cancer 
therapeutics. More particularly, the present invention 
relates to the identification of the region of p21 HArx 
responsible for binding to proliferating cell nuclear 
antigen (PCNA) and substances, fragments and mimetics based 
on this region. The present invention also relates to 
pharmaceutical compositions comprising these molecules and 
their use in therapeutic applications for inhibiting DNA 
replication or binding of PCNA, for example in tumour and 
5 other hyperprolif erative cells. 



Background of the Invention 

p21 »afi i s a protein that may be transcriptionally induced by 
the tumour suppression protein p53 and acts as a potent 
inhibitor of cyclin dependent kinases (Cdks) in Gl and S 
phases of the cell cycle. Thus, p21 WA?1 acts as a regulator 
of the cell cycle in response to activation of the p53 
checkpoint pathway at least in part by inhibiting Cdk 
activity (1-3) . p21 KAF1 is also known as p21 clpl (9) p2f lc 
(33) p20 CAP (34) and Sdil (35) . 

Complexes between p21 WA " and Cdks can exist in both 
catalytically active and inactive forms, suggesting that 
the regulation is a subtle effect- (4). p21 WF1 has also been 
reported to bind to PCNA at high concentration in vitro and 
block DNA replication (5) . PCNA is a processivity factor 
for polymerase 6 which plays an essential role in DNA 
replication and repair (6, 7). In transformed cell lines, 
p21 WAri expression is depressed, and cyclin dependent kinases 
are found in a Cdk/cyclin binary state, rather than in 
Cdk/Cyclin/p21 HAFl /PCNA complexes, although the stoi.chiometry 
of these complexes is not clear (I, 8-10) . Thus, it 
appears that during p53 -mediated suppression of cell 
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proliferation, p21 WAF1 is important for co-ordinating cell 
cycle progression, DNA replication and repair of damaged 
DNA. 

Summary of the Invention 

We have now found that p21 WAF1 interacts with PCNA in vivo 
and at concentrations far lower than those reported 
previously. The mapping of the region of p21 HAF1 that is 
responsible for the interaction with PCNA is also 
disclosed. In particular, the applicants have found that 
peptides derived from the C- terminal region of p21 WAF1 bind 
to PCNA and have shown that this accounts for the 
inhibition of DNA replication. The interaction of p21 WAF1 
with cyclin-Cdks and PCNA provides the possibility of using 
p21 wAFi to C o-ordinate cell proliferation and cell cycle 
control . 

The applicants used a yeast two hybrid screening technique 
to establish an in vivo interaction between the C- terminal 
part of p21 WAF1 and PCNA. In particular, analysis of a 
series of overlapping peptides representing the protein 
sequence of p21 WAF1 identified a 20 amino acid peptide 
{residues 141-160) which showed high affinity and 
5 selectivity of binding to PCNA, and also inhibited SV4 0 DNA 

replication in vitro in a concentration-dependent manner. 
Further experiments have shown that residues essential for 
PCNA binding and inhibition lie within the motif defined by 
the sequence QTSMTDFY. 

0 

This high affinity of the interaction between PCNA (from 
both normal and tumour cells) and the p21 WAF1 peptide means 
that it is possible to use these peptides, or fragments or 
mimetics thereof, in tumour therapy and in the treatment of 
5 hyperprol iterative diseases in which PCNA is implicated, eg 

cancer or psoriasis. 
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Accordingly, in one aspect, the present invention provides 
a substance which has the property of binding to PCNA, said 
substance comprising: 

(i) a fragment of the p21 HAF1 protein including residues 
5 141 to 160 of the p21 WAF1 amino acid sequence, or an active 

portion or derivative thereof; or, 

(ii) a functional mimetic of said protein fragment. 

In the present invention, "an active portion" means a 
10 peptide which is less than said full length p21 WAF1 amino 

acid sequence, but which retains the property of binding to 
PCNA. 

In the present invention, -functional mimetic" means a 
15 substance which may not contain an active portion of the 

p21 MAri am i no ac id sequence, and probably is not a peptide, at 
all, but which has the property of binding to PCNA. 



20 



25 



30 



35 



In the present invention, "a derivative" means a fragment 
of the p2l"* F1 protein modified by varying the amino acid 
sequence of the protein, eg by manipulation of the nucleic 
acid encoding the protein or by altering the protein 
itself. Such derivatives of the natural amino acid 
sequence may involve insertion, addition, deletion or 
substitution of one or more amino acids, without 
fundamentally altering the essential activity of the 
protein . 

Preferably, the fragment of the p21 HAF1 protein includes 
residues 144 to 151 of the P 21 W1 amino acid sequence, these 
residues defining a sequence motif QTSWTDFY, where residues 
shown in bold are critical for PCNA binding, and those 
underlined are important . 



Thus, in one embodiment, the present invention provides a 
class of peptides based on the c-terminal region o^ pzi 
These compounds may be useful in the preparation of 
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pharmaceuticals for treating conditions in which PCNA is 
implicated, including hyperprolif erative diseases, such as 
cancer and psoriasis. These peptides preferably include 
the sequence motif KRRQTSMTDFYHSKRRLIFS , as shown in Figure 
5 4b, or still more preferably, the sequence motif QTSMTDFY , 

and functional variants or mimetics of these peptides. 

In a further aspect, the present invention provides 
pharmaceutical compositions for inhibiting DNA replication 
10 and/or binding PCNA comprising one or more of the above 

peptides or mimetics. Optionally, the pharmaceutical 
compositions comprise one or more of the above substances 
in combination with a physiologically acceptable carrier. 

15 In a further aspect, the present invention provides the 

peptides, mimetics and compositions described above for use 
in methods of medical treatment, such as inactivating or 
functionally depleting PCNA in cells, especially tumour 
cells . 

20 

In a further aspect, the present invention uses a method of 
screening polypeptides for binding to PCNA comprising: 

(i) transforming yeast cells with a vector capable of 
expressing a fusion of the DNA binding domain of Gal4 and 

25 PCNA, the yeast cells being capable of expressing one or 

more reporter constructs under the control of the Gall 
promoter; 

(ii) transforming said yeast cells with one or more 
vectors capable of expressing a 'fusion of the activation 

3 0 domain of Gal4 and a given candidate polypeptide/ and, 

(iii) detecting the production of the reporter 
constructs caused when the candidate polypeptide binds to 
PCNA, thereby reconstituting the Gal4 transcriptional 
activity. 

35 

This method is used below to detect the interaction between 
artificially synthesised peptides and PCNA to define the 
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PCNA binding site in p21 WAF1 more specifically. However, it 
could readily be used to screen candidate peptides, eg 
mimetics, for PCNA binding activity. 

5 The designing of mimetics to a known pharmaceutical ly 

active compound is a known approach to the development of 
pharmaceuticals based on a "lead" compound. This might be 
desirable where the active compound is difficult or 
expensive to synthesise or where it is unsuitable for a 

10 particular method of administration, eg peptides are 

unsuitable active agents for oral compositions as they tend 
to be quickly degraded by proteases in the alimentary 
canal. Mimetic design, synthesis and testing is generally 
used to avoid randomly screening large number of molecules 

15 for a target property. 

There are several steps commonly taken in the design of a 
mimetic from a compound having a given target property. 
Firstly, the particular parts of the compound that are 

2 0 critical and/or important in determining the target 

property are determined. In the case of a peptide, this 
can be done by systematically varying the amino acid 
residues in the peptide, eg by substituting each residue in 
turn. These parts or residues constituting the active 

25 region of the compound are known as its "pharmacophore" . 

Once the pharmacophore has been found, its structure is 
modelled according to its physical properties, eg 
stereochemistry, bonding, size and/or charge, using data 
from a range of sources, eg spectroscopic techniques, X-ray 
diffraction data and NMR. Computational analysis, 

similarity mapping (which models the charge and/or volume 
of a pharmacophore, rather than the bonding between atoms) 
and other techniques can be used in this modelling process. 

in a variant of this approach, the three-dimensional 
structure of the ligand and its binding partner are 



30 



35 
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modelled. This can be especially useful where the ligand 
and/or binding partner change conformation on binding, 
allowing the model to take account of this the design of 
the mimetic. 

A template molecule is then selected onto which chemical 
groups which mimic the pharmacophore can be grafted. The 
template molecule and the chemical groups grafted on to it 
can conveniently be selected so that the mimetic is easy to 
synthesise, is likely to be pharmacologically acceptable, 
and does not degrade in vivo, while retaining the 
biological activity of the lead compound. The mimetic or 
mimetics found by this approach can then be screened to see 
whether they have the target property, or to what extent 
they exhibit it. Further optimisation or modification can 
then be carried out to arrive at one or more final mimetics 
for in vivo or clinical testing. 

Brief Description of the Drawings 

Figure 1: Strategy for detecting PCNA Interacting Proteins 
(pips) using the two hybrid system. 

The plasmid pas-pcnahs was constructed which expresses a 
hybrid protein between the DNA binding domain of Gal4 
(amino acids 1-147; Ga^* 5 ) and human PCNA (13). This 
plasmid was transformed into the S.cerevisiae strain Y190 
that expresses the reporter genes lacZ (E.coli) and HIS3 
{S.cerevisiae) under the control of the GAL1 promoter (30). 
The resulting transf ormants did not activate either of the 
reporter constructs in this strain; lacZ (as determined by 
a filter lift assay for /3-galactosidase (31) or HIS3 
(assayed by growth on SDA (SD plus adenine) supplemented 
with leucine and containing 50mM 3 -aminotriazole ) (14). 
This transformant strain was then itself transformed with 
a human cDNA library in the vector pACT where cDNAs are 
expressed as fusion constructs with the activation domain 
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of Gal4 (amino acids 768-881) (12) . 

Tranformants containing library -encoded PCNA interacting 
proteins (Pips) result in the re-constitution of Gal4 
activity, and thus in the expression of reporter 
constructs. These were selected for by plating on SDA 
containing 3-aminotriazole, while an aliquot was plated on 
SDA without 3-aminotriazole to determine transformation 
frequency. Putative positives were tested for la.cZ 
expression as described above, then were streaked out on 
SDA containing 3-aminotriazole, and a single colony 
isolated for further analysis. cDNA library plasmids were 
rescued into E.coli strain JA226 (32). 

15 Figure 2: Summary of two hybrid screening results. 

Bars indicate the result of /3-galactosidase colony lift 
assays performed upon transformant strains, as indicated by 
plasmids named on the horizontal and vertical axes. pHSpipS 
and P HSpip31 encode Gal4-p21 HAF1 fusions as described in the 
text. P SPpip35 encodes the GaW*" domain fused to upstream 
sequences of the S.pombe PCNA gene peril* so that pcnl* is 
expressed in- frame. 



20 



25 



All transformants were also streaked out on SDA containing 
appropriate supplements and 3-aminotriazole to test for 
His3 expression. Only transformants which were positive in 
both tests were counted as true positives. Black bars 
indicate a strongly positive result from both tests, the 
30 shaded bar indicates a weak positive and white bars 

indicate a negative result. The pAS-pcna plasmids contain 
the entire open reading frame of PCNA from Homo sapiens 
(Hs), Drosophila melanogaster (Dm) and Schizosaccharomyces 
pombe (Sp) respectively in the vector P AS2 . The control 
35 plasmids pAS-SNFl, P AS-p53, pAS lamin and pAS-CDK2 are as 

described by Harper et al . , (9) . 
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Figure 3: Identification of p21 WAF1 interacting regions in 
PCNA. 

Schematic diagram indicating structural domains within the 
5 PCNA molecule. Numbers indicate jS- sheet domains, and 

a-helices as suggested by Kong et al . , (18). Bars below 
indicate the regions of PCNA expressed as fusions with 
Gal4 ACT and the column on the right (+/-) indicates a 
positive/negative result when tested for interaction with 
10 p21 WAF1 in the two hybrid system (32) . 

Figure 4 : Peptides of p21 WAF1 and pepscan analysis of PCNA 
binding. 

15 (a) Peptides 1-11 represent the entire protein sequence of 

p21 WAF1 (1), with overlaps between adjacent peptides. 
Peptide 63 represents the C-terminal 15 amino acids of 
PCNA. (b & c) p21 WAF1 peptides were incubated on 
streptavidin-coated ELISA dishes, the plates were washed 

20 thoroughly then cell extracts from HeLa, Xenopus or E.coli 

BL21 overexpressing PCNA were added (b) . In (c) , purified 
human PCNA from BL21 was compared with crude lysate of 
these cells on the same peptide array in EL.ISA. After 
extensive washing, bound PCNA was detected using polyclonal 

25 anti-PCNA antibody 3009 followed by HRP- conjugated 

anti- rabbit secondary antibody and TMB visualisation. 
Optical density at 450nm was measured. 

Figure 5. Mapping sites of p 2 i w - vl * required for PCNA binding 
30 using precipitation analysis. 

(a) All 11 peptides of p21 WAF1 separately attached to 
st reptavidin- agarose beads were incubated in HeLa cell 
extract then beads were separated from the lysate by 
35 centrifugation . Bound proteins were analysed by SDS-PAGE 

followed by Western blotting with PC10 monoclonal anti-PCNA 
antibody followed by HRP- anti -mouse secondary antibody and 
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ECL detection. Peptides are numbered as in Fig. 4a; H 
represents undepleted HeLa extract. Molecular weight 
marker sizes are shown in kDa. The position of PCNA is 
marked by an arrow. (b) Western blot probed with 
monoclonal antibody PC10 and (c) Coomassie stained gel of 
a peptide 10-streptavidin bead precipitation from extracts 
of various human tumour cell lines (the results from seven 
out of fourteen lines tested are shown) : A4 31 (sample 1) , 
HOS (sample 2), SKBR3 (sample 3), BT549 (sample 4), MDA231 
(sample 5), T47D (sample 6) and DLD1 (sample 7). "s" 
indicates supernatant after incubation with peptide- 10 
beads, and "b" contains proteins precipitated by the 
peptide-10-streptavidin agarose beads. "M" shows position 
of molecular weight standards and sizes are given in kDa. 

Figure 6: Inhibition of DNA replication by peptide 1C . 

(a) All peptides of p2l"* F1 were added to an in vitro SV40 
replication reaction to a final concentration of 20 ng/Ml 
(hatched columns) or 40 . ng/Ml (filled columns), compared 
with DMSO at equivalent dilution to the 40 ng/^l peptide 
samples, or with no addition. After 2 hours' incubation at 
3 7°C, incorporation df H-dTMP was measured by TCA 
precipitation and scintillation counting, (b) Peptide 10 
was added to the replication reaction at a range of 
concentrations up to 30 ng/fil, compared with equivalent 
dilutions of the peptide solvent DMSO. Extent of label 
incorporation was analysed after two hours as above. The 
same concentrations of peptide 9- (data not shown) or the 
solvent alone had no appreciable effect on levels of DNA 
synthesis . 

Figure 7. Determination of minimal binding site of PCNA on 
p21 WAF1 

(a) Peptides were generated from the p21 WAF1 sequence with 
amino acid overlaps and 4 amino acid overhangs to cover the 
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putative PCNA binding site defined above. (b) These 
peptides were tested for ability to bind to PCNA in ELISA, 
as in Fig 4. (c) The peptides were individually analysed 
for ability to inhibit SV4 0 DNA replication in vitro by 
5 adding the peptide at the * start of the replication 

reaction. Incubations were carried out for 2h at 37°C and 
incorporation of 3 H-dTMP measured by TCA precipitation and 
filter binding. 

10 Figure 8 . Alanine scanning of peptide 10 . 

(a) Each amino acid in the putative PCNA binding site of 
p21 WAF1 (peptide 10) was sequentially changed to alanine 
( »44 » 63" ) and in peptide "64" two arginines were altered 
15 to alanine within the same peptide, (b) Pepscan ELISA to 

determine PCNA binding capacity of each of the peptides 
using bacterially expressed human PCNA detected with 
polyclonal antibody 3009. (c) Effect of the peptides on 
SV40 DNA replication in vitro (as in fig 7c) . 

20 

The following examples in the detailed description are 
provided to exemplify various aspects of the invention and 
are not intended to limit the scope of the invention. 



2 5 Detailed Description 

The applicants screened for proteins that physically 
interact with human PCNA using a two-hybrid interaction 
trap system that detects polypeptide interactions via the 

30 reconstitution of a functional transcriptional activator in 

the yeast Saccharomyces cerevisiae (11, 12) . A plasmid 
that expresses a hybrid protein between the DNA binding 
domain of Gal4 (GaM* 8 ) and human PCNA (13) was used to 
screen plasmids expressing hybrid fusion constructs between 

35 DNA molecules from a human cDNA library and the DNA 

encoding the transcriptional activation domain of Gal4 
(Gal4 ACT ) (Figure 1) (12) . 
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77 His* colonies were picked from over 1 x 10 6 transf ormants 
of which 14 expressed /3-galactosidase . pACT-derived 
library plasmids were isolated from 12 of these strains 
which re- tested positive upon co- transf ormat ion with 
pAS-pcnahs (14) . Each plasmid encoding Human PCNA 
interacting protein (pHSpip) was tested for non-specific 
interactions with other Ga^* 3 fusions by co- transf orming 
with various pAS plasmids (Figure 2), and the plasmids were 
grouped according to cross -hybridisation and DNA sequence 
analysis. Each pHSpip was also tested for interactions 
with both Drosophila melanogaster and Schizosaccharomyces 
pombe PCNA. The 12 positives fell into three classes. One 
class (pHSpip9 and pHSpip31) showed a specific interaction 
with pAS-pcnahs. Sequence analysis indicated that these 
15 plasmids both expressed the C-terminal 89 amino acids of 

p21 wafi (8-10) in frame with Ga^ although the vector 
sequences of one of the plasmids showed a slight 
re - arrangement . Thus, the C-terminal half of p21 WAF1 is 
sufficient for interaction with PCNA. 



10 



20 



Previously, clones encoding full length p21 WAF1 have been 
shown to interact in the two -hybrid system with human Cdk2 
(9) . Neither of the p21 HAri clones identified here reacted 
positively with human" Cdk2 in a two-hybrid assay, 
25 suggesting that the interaction between p21 WAri and Cdk2 is 

dependent upon the amino- terminal half of p21 WAF1 . In 
support of this, the Cdk inhibitor p21 ,eipl has a region of 
sequence similarity to an N- terminal region of p21 MAF1 , and 
a 52 amino acid peptide (Kipl ■ [28-29] ) corresponding to 
this region retains Cdk inhibitory activity (15, 16). 



30 



A similar screen was undertaken to search for S. pombe cDNAs 
encoding proteins that would interact with S. pombe PCNA 
(pcnl*) (17) . Two of the clones identified expressed the 
35 entire open reading frame of pcnl\ suggesting that PCNA is 

able to interact with itself. These results support the 
model proposed by Kong et al (18) in which PCNA forms a 
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homo-trimer which acts as a sliding clamp tethering the 
replication complex to the DNA strand. Furthermore, pcnl + 
was found to interact with both human and D.melanogaster 
PCNA, suggesting that the interaction is evolutionarily 
conserved (Figure 2) . Human PCNA has sufficient DNA 
binding capacity for a PCNA-Gal4 ACT hybrid to activate 
reporter gene expression in the two hybrid system, so such 
a construct could not be used for two-hybrid interaction 
analysis . 

p21** F1 interacts with the central region of PCNA 



A series of C- terminal deletion constructs of human PCNA 
fused to Gal^ were then tested to identify regions of PCNA 

15 that interact with p21 WAF1 in the two-hybrid assay (13) . The 

results of these experiments (Figure 3) suggest that p2l WAF1 
interacts with a central region of PCNA. Structural and 
sequence similarities between the )3 subunit of DNA 
polymerase III in E.coli have suggested a model in which 

20 three PCNA molecules, each consisting of two repeated 

domains, form a toroid structure which encircles the DNA 
strand (18) . The data in Figure 3 are consistent with 
p21 wAFi interacting with the "junctional loop" which connects 
the two domains . 

25 

Peptide mapping of sites on p21 wl important for interaction 
with PCNA 

In order to refine the map of the site(s) on p21 WAF1 that 
30 interact with PCNA, the binding capability of a series of 

11 overlapping 20-mer peptides representing the p21 WAF1 
sequence were tested (Figure 4a) (19) . This approach has 
been used successfully to fine-map protein-protein 
interactions (e.g. p53-MDM2) and antibody epitopes (20-22) . 



The p21 WAF1 peptides were linked to biotin, permitting 
attachment to streptavidin-coated ELISA plates. PCNA from 



WO 96/14334 



PCT/GB95/02583 



13 



various sources, including HeLa cell extract, Xenopus egg 
extract and lysate of E.coli BL21 overexpressing a human 
PCNA clone (23) , were applied to the immobilised peptide 
array. Bound PCNA was detected using either polyclonal 
5 antibody 3009 that recognises the C-terminal 15 amino acids 

of native and denatured PCNA (24, 25). PCNA from the three 
sources tested binds with great specificity to peptide 10 
of sequence KRRQTSMTD F YHS KRRL I FS (Figure 4b) . The 
interaction of PCNA with the adjacent peptide 11, that 
10 shares all but the initial four residues, is much weaker 

(13% of binding to peptide 10 for bacterially expressed 
PCNA and only 3 . 8% for HeLa PCNA) . 

Similar results were obtained with monoclonal antibody PC10 
15 (26) demonstrating that the interaction between PCNA and 

peptide 10 of p2l WAF1 is specific to PCNA and not due to 
antibody cross -reaction. This specificity was confirmed 
using purified PCNA (27) which bound strongly and 
specifically to peptide 10 of p21 WAF1 (Figure 4c) . 



20 



p21 «»pi peptides can precipitate PCNA from cell extracts 



To confirm the specificity of the interaction between 
native PCNA and p21 MAFl peptides further, the peptides were 
25 attached to streptavidin-agarose beads and incubated in 

HeLa cell extract. The proteins that were subsequently 
precipitated were separated electrophoretically , blotted 
onto nitrocellulose, and probed with anti-PCNA monoclonal 
antibody PC10 (Figure 5a) (28). •• PCNA was precipitated by 

30 beads carrying peptide 10, and also weakly by peptide 11. 

The peptide 10 precipitate contained a similar amount of 
PCNA as the untreated control extract (HeLa) , suggesting a 
highly efficient capture of soluble PCNA. PCNA was not 
detected in the precipitates of any other P 21 HAFi peptide. 

35 PCNA could be quantitatively removed from extracts of 14 

other human tumour cell lines by peptide 10 beads (Figure 
5b). in some cases, e.g. SKBR3 and BT549 cells, there was 
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almost complete transfer of PCNA from the cell lysate to 
the beads. This suggests that PCNA from these tumour cell 
lines is not altered in its capacity to bind p21 WAF1 . 
Parallel gels stained with Coomassie brilliant blue show 
5 that the interaction with PCNA is highly specific, as the 

amount of total protein precipitating with the beads is 
negligible (Figure 5c) . The interaction of PCNA with the 
p21 MAF1 peptide 10 beads could not be disrupted using 100 mM 
glycine pH 2.5, 100 mM triethylamine pH 12.5 or 1.4 M NaCl 

10 in batch elution tests, demonstrating the strength of the 

binding. Strong binding could still be detected when only 
500 pg of peptide was applied to the wells in the EL ISA 
assay. These results suggest that peptide 10 beads may be 
used to deplete cell extracts of PCNA, and should therefore 

15 prove to be a useful tool in further elucidating the action 

of PCNA in DNA replication and repair. 

Inhibition of SV40 DNA replication by p2l"* F1 peptide 10 

20 p21 WAF1 has recently been reported to bind PCNA and to 

inhibit the replication of SV40 DNA (5) . Therefore, we 
examined the 20-mer peptides for their effect on SV4 0 DNA 
replication in vitro (Figure 6a) (29) . Of all the peptides, 
only peptide 10 had a significant effect on DNA 

25 replication, reducing incorporation of 3 H-dTMP to 51% of 

control levels at 20 ng//il and to 31% of control values at 
4 0 ng//xl. The concentration dependence of the inhibition 
of replication by peptide 10 is shown in Figure 6b. For a 
peptide, the activity is remarkably high, requiring only a 

3 0 ten- fold higher molar ratio than full length p21 WAF1 protein. 

Accordingly, these peptides which are capable of inhibiting 
DNA replication and/or binding to PCNA in cells may have 
important therapeutic applications in the treatment of 
tumours and other hyperprolif erative diseases, such as 

35 cancer and psoriasis. 
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Further identification of the PCNA binding region of p2l" AF1 

On the basis of the ELISA pepscan information, a new 
generation of peptides were synthesized to define the 
critical residues in the PCNA binding site on p21 WAF1 . 
Firstly, the sequence of peptide 10 was scanned to 
determine the minimum size of the recognition sequence by 
creating a set of peptides with 4 amino acid overhangs ie 
with 16 amino acid overlap between adjacent peptides based 
on the p21 WAF1 sequence from amino acids 121 to 164 and 
including the original reactive peptide of the sequence 
KRRQTSMTDFYHSKRRLIFS (Fig 7a) . These peptides were 
immobilised on streptavidin- coated ELISA dishes and 
screened for binding to PCNA over-expressed in BL21 
bacteria. Of the 8 peptides in this array, only peptides 
designated "68", "69" and "70" bound strongly to PCNA (Fig 
7b) . Of these three, peptide "70" (identical to the 
original peptide 10) showed any appreciable inhibitory- 
activity, although a slight decrease in label incorporation 
was observed with peptide "71" (Fig 7c) . Interestingly, 
neither peptide "68" nor "69" showed any capacity to block 
SV4 0 replication, despite their ability to bind to PCNA. 

Therefore, we conclude that the motif (or a part thereof) 
of KRRQTSMTDFYH is required for binding to PCNA, but that 
the more C- terminal residues SKRRLIFS may also contribute 
to PCNA binding. 

in addition, we generated a series of peptides where each 
residue of peptide 10 was altered sequentially to alanine, 
and also a double mutant with two arginines (as marked on 
Fig 8a) substituted by alanine. These peptides were tested 
in ELISA for PCNA binding capacity, and it was found that 
residues M and F were absolutely required for recognition, 
while mutation of Q, D or Y considerably decreased the 
ability to bind PCNA (Fig 8b). In general, of these 
altered peptides, those possessing greatest PCNA binding 
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capacity were most able to inhibit the replication of SV40 
DNA in vitro, and conversely, loss of PCNA binding 
correlated with lack of inhibition of SV4 0 replication (Fig 
8c) , although for some peptides (eg a modified form of 
peptide 10 with an additional 5 amino acids at the N- 
terminus and a concomitant loss of the C- terminal 5 amino 
acids) , the relationship between PCNA binding and 
replication inhibition was not as straightforward. 

Combining the results of these experiments permits us to 
define the region of p21 MAF1 involved in PCNA binding to 
QTSMTDFY, where residues shown in bold are critical for 
PCNA binding, and those underlined are important. 

In the context of the more N-terminal KRR, a consensus site 
for phosphorylation of either the serine or threonines eg 
by cAMP dependent protein kinase is observed, so binding 
PCNA may be regulated both by primary sequence of p21 WAF1 as 
defined here and also by phosphorylation of susceptible 
sites within this region. In addition, amino acids 
surrounding the minimal binding site appear to be important 
for defining the affinity of interaction with PCNA and the 
biological activity of p21 WAF1 , such as its ability to 
directly inhibit SV40 DNA replication in vitro. 

Thus, the above results demonstrate a strong interaction 
between PCNA and the C-terminal region of p21 WAFl using the 
yeast two-hybrid screening method. A 20 amino acid peptide 
from p21 WAF1 binds PCNA strongly - and specifically and is 
0 capable of inhibiting DNA replication in vitro. Within the 

20 amino acid peptide, an 8 amino acid region was found to 
define the part of p21 WAFI important for PCNA binding. 

Thus, these results allow the development of peptides or 
5 mimetics that might be used therapeutically to halt DNA 

replication in tumour and other hyperprolif erative cells 
without compromising the integrity of the genome. 
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Therapeutic applications of the present invention include 
the administration of the various peptides mentioned above 
based on the C- terminal region of p21 WAF1 , in particular the 
20 amino acid peptide corresponding to residues 141 to 160, 
or the 8 amino acid peptide corresponding to residues 144 
to 151, or alternatively functional variants or mimetics of 
these peptides. 

Various methods of administration of the therapeutic agent 
can be used, following known formulations and procedures. 
Dosages can be determined by routine experimentation. The 
administration may be systemic or targeted, the latter 
employing direct (eg topical) application of the the 
15 therapeutic agent to the target cells or the use of 

targeting systems such as antibody or cell specific 
ligands. Targeting may be desirable for a variety of 
reasons; for example if the agent is unacceptably toxic, or 
if it would otherwise require too high a dosage, or if it 
would not otherwise be able to enter the target cells. 



20 



25 



30 



35 



instead of administering these agents directly, they could 
be produced in the target cells by expression from an 
encoding gene introduced into the cells, eg in a viral 
vector (a variant of the VDEPT technique - see below) . 
The vector could be targeted to the specific cells to be 
treated, or it could contain regulatory elements which are 
itched on more or less selectively by the target cells. 



sw 



Alternatively, the . agent could be administerd in a 
precursor form, for conversion to the active form by an 
activating agent produced in, or targeted to, the cells to 
be treated. This type of approach is sometimes known as 
ADEPT or VDEPT,- the former involving targeting the 
activating agent to the cells by conjugation to a cell- 
specific antibody, while the latter involves producing the 
activating agent, eg an enzyme, in a vector by expression 
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from encoding DNA in a viral vector (see for example, EP- 
415731 and WO 90/07936). 
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CLAIMS: 

1. A substance which has the property of binding to PCNA, 
said substance comprising: 
5 (i) a fragment of the p21 WAF1 protein including residues 

141 to 160 of the p21 WAF1 amino acid sequence, or an active 
portion or derivative thereof; or, 

(ii) a functional mimetic of said protein fragment. 

10 2 . The substance of claim 1 wherein the fragment includes 

the residues of p21 WAF1 from the motif QTSMTDFY which are 
critical, and optionally the residues which are important 
for PCNA binding activity, wherein the residues shown in 
bold are critical for PCNA binding, and those underlined 

15 are important . 

3. The substance of claim 1 or claim 2 wherein the 
fragment includes residues 144 to 151 of the P 21 HAF1 amino 
acid sequence. 

20 

4. The substance of any one of claims 1 to 3 wherein the 
binding of the substance to PCNA inactivates it or 
functionally depletes PCNA levels. 

25 5. A pharmaceutical composition comprising one or more of 

the substances of any one of claims 1 to 4 , in combination 
with a physiologically acceptable carrier. 

6. The substance of any one of claims 1 to 4 for use in 
3 0 a method of medical treatment. 

7. The use of a substance of any one of claims 1 to 4 in 
the preparation of a medicament for treating disorders in 
which PCNA is implicated, the substance having the property 

35 of inhibiting DNA replication by binding to PCNA. 
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8 . The use of claim 7 wherein binding of the substance to 
PCNA inactivates it or functionally depletes PCNA levels. 

9 . The use of claim 7 or claim 8 wherein the disorders 
are hyperprolif erative diseases, such as cancer or 
psoriasis. 

10. A method of screening polypeptides for binding to PCNA 
comprising : 

(i) transforming yeast cells with a vector capable of 
expressing a fusion of the DNA binding domain of Gal4 and 
PCNA, the yeast cells being capable of expressing one or 
more reporter - constructs under the control of the Gall 
promoter ; 

(ii) transforming said yeast cells with one or more 
vectors capable of expressing a fusion of the activation 
domain of Gal4 and a given candidate polypeptide; and, 

(iii) detecting the production of the reporter 
constructs caused when the candidate polypeptide binds to 
PCNA, thereby reconstituting the Gal4 transcriptional 
activity. 

11. The method of claim 10 wherein the method is for 
screening peptidyl mimetics of p21 WAF1 protein for PCNA 
binding activity. 



W0 96/1433«* * * 



1/8 



PCT/GB95/02583 




Transform with pACT 
Expression library 
► 



Gal4<l-147) 




Gal4<76g-881) 



Gal4(l-147) 



GALl-Repoxter 



GAL 1 -Reporter 



Figure 1 



SUBSTITUTE SHEET (RULE 26) 



WQ96/143W v PCT/GB95/02583 



2/8 



No plasxnid pHSpip9 



pAS-SNF 
pAS-Lamin 
pAS-p53 [ 

pAS-cdk [ 
pAS-PCNA-Hs 



pAS-PCNA-Dm [ 
pAS-PCNA-Sp 



pHSpip31 pSPpip35 

ZZD ' 1 



i 1 C 



] c 




Fisure 2 



SUBSTITUTE SHEET (RULE 26) 



W0 96/143K " * 



PCT/GB95/02583 



r- ^ 
C i 

O CO 

I 1 
a *5 



3/8 

+ + + I i 



O O so vo 

<N <N <N CM <N 



CN 

"5 

E 

c 

Q 



r>4 
B 



m 

CO. 



CM 
C2. 



E 

"3 

E 



NO 



S 1 



CM 



© 
o 
cs 



DO 



o 



O 



SUBSTITUTE SHEET (RULE 26) 



WO 96/14334* * + 



PCT/GB95/02583 



4/8 



Peptide 


1 


M 


S 


E 


P 


A 


G 


D 


Peptide 


2 . 


K 


A 


C 


R 


R 


L 


F 


Peptide 


3. 


S 


R 


D 


C 


D 


A 


L 


Peptide 


4 . 


R 


E 


R 


w 


N 


F 


D 


Peptide 


5. 


G 


D 


F 


A 


W 


E 


R 


Peptide 


6. 


L 


Y 


L 


P 


T 


G 


P 


Peptide 


7 . 


G 


G 


R 


R 


P 


G 


T 


Peptide 


8. 


A 


E 


E 


D 


H 


V 


D 


Peptide 


9. 


P 


R 


S 


G 


E 


Q 


A 


Peptide 


10. 


K 


R 


R 


Q 


T 


S 


M 


Ppetide 


11. 


T 


S 


M' 


T 


D 


F 


Y 


Peptide 


63. 


L 


K 


Y 


Y 


L 


A 


P 



V 


R 


Q 


N 


P 


C 


G 


S 


K 


A 


C 


R 


R 


G 


P 


V 


D 


S 


E 


Q 


L 


S 


R 


D 


C 


D 


M 


A 


G 


C 


I 


Q 


E 


A 


R 


E 


R 


W 


N 


F 


V 


T 


E 


T 


P 


L 


E 


G 


D 


F 


A 


W 


V 


R 


G 


L 


G 


L 


P 


K 


L 


Y 


L 


P 


T 


R 


R 


G 


R 


D 


E 


L 


G 


G 


G 


R 


R 


P 


S 


p. 


A 


L 


L 


Q 


G 


T 


A 


E 


E 


D 


H 


L 


S 


L 


S 


C 


T 


L 


V 


P 


R 


S 


G 


E 


E 


G 


S 


P 


G 


G 


P 


G 


D 


S 


Q 


G 


R 


T 


D 


F 


Y 


H 


S 


K 


R 


R 


L 


I 


F 


S 


H 


S 


K 


R 


R 


L 


I 


F 


S 


K 


R 


K 


P 


K 


I 


E 


D 


E 


E 


G 


S 













(a) 




Figure 4 
(b) 



0.6- 



0.5- 



04- 



0.3- 



c 



0.2- 



0.1 ■ 



■ puraPCNA 
□ BL21 



00 





/ 




/ 




y 




y 




/ 




y 




y 




y 






y 


✓ 




y 


/ 




y 


/ 




y 


✓ 




y 


✓ 




y 


✓ 




y 


✓ 




y 


/ 
/ 




y 

y 



2 3 4 5 6 7 8 ft 10 11 63 
peptide 



(c) 



SUBSTITUTE SHEET (RULE 26) 



WO 96/14334. 



PCT/GB95/02583 



5/8 

1234567 89 10 11 63 H 



106- 
80- 

(a) 49 _ ~ - _ PCNA 

32.5- 
27.5- 

Figure 5 



1 2 3 4 5 6 ^ 7 

' s b' s b 1 f s b 1 's b 1 's b' s b s b 



106- 
80" 



(b) 495 . _ _ _ ; _ - ' - PCNA 

32.5- - • — — — • . 
27.5-' 




SUBSTITUTE SHEET (RULE 26) 



WO 96/14334, ^ • PCT/GB95/02583 

6/8 




0 5 10 M 20 25 30 35 



peptide concentration iu$hni) 



Figure 6 



SUBSTITUTE SHEET (RULE 26) 



PCT/GB95/02583 

7/8 



GDSQGR 

GDSQGRKRRQ 

GDSQGRKRRQTSM7 

GDSQGRKRRQTSMTDFVH 

SQGRKRR0TSMT3FYHSKRR 

KRRQTSMT3FVKSKRRLIPS 

TSKTDFVHSKRRLI FSKRKP 
3FYKSKRRLX FSKRKP 




Figure 7 



peptide no 



SUBSTITUTE SHEET (RULE 26) 



65PRSGEQAEGSPGG 



(a) 



66 
67 
68 
69 
70 
71 
20 



EQAEGSPGG 
G S P G G 
G 



WO 96/14334^ 



PCT/GB95/02583 



A R 

K A 

K R 

K R 

K R 

K R 

K R 

K R 

K R 

K R 

K R 

K R 

K R 

K R 



R Q 
R Q 
A Q 
R. A 
R Q 



K R 
K R 
K A 



T S 

T S 

T S 

T S 

A S 

T A 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 

T S 



8/8 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

A T D 
HAD 

M T A 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 

M T D 



F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

A Y H 

F A H 

F Y A 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 

F Y H 



A K 
S A 



R R L 

R R L 

R R L 

R R L 

R R L 

R R L 

R R L 

R R L 

R R L 

R R I* 

R R L 

R R L 

R R L 

R R L 

A R L 

R A L 

R R A 

R R L 

R R L 

R R L 

A R L 



I F S 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
ITS 
I F S 
ITS 
A F S 
IAS 
I F A 
I F S 



(a) 



Figure 8 



0.12- 



=. 0.04 



o 
o 



1 



(b) 



t«=s> 
! » 



•lanin* scan f»uiait«*s 



(c) 



io i!f 



i 7 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inter mal Application No 

PCT/GB 95/G2583 



Ip^ss.rcation of subject matter /q8 cl2Q1/68 C12N15/10 C12N15/81 



to InUmMonil P>tml Clmilic.tion (IPO or to both MQQtuI cUanaaon md IPC 



According 

B. FIELDS SEARCHED 



M.mmum documentor. .e»rehed Cda»Oc«o»»)^m followed by d«.fic»Oon .ymbolt) 

IPC 6 C07K A61K C12Q C12N 



Documenunon arched other «,« rmn tmum documentor, to tr* extent Out «uch docum.no « included .n the held, .etched 



Electronic data hue 



consulted during the international search (name of dau base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • I Oution of document, with indication, where appropriate, of the relevant passage, 



NATURE 

vol. 366, 16 December 1993 LONDON GB, 
pages 701-704, 

Y XIONG ET AL. 'p21 is a universal 

inhibitor of cyclin kinases* 

cited in the application 

see throughout, especially the peptide K13 

on Figure 1 

CELL 

vol .'75, no- 4, 19 November 1993 NA US, 
pages 805-816, 

J WADE HARPER ET AL. ' The p21 
Cdk-interacting protein Cipl is a potent 
inhibitor of Gl cycl in-dependent kinase 
cited in the application 
see throughout, especially Figure 2 

-/-- 



I'll 



1-11 



I Further documents are Usual in the continuation of box C- 

' Special categories of a ted documents : 

*A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

•I/ document which may throw douba on fmonty ^"^*> «J 
which is a ted to establish the publication date of another 
citation or other speaal reason (as specified) 

•O- document referring to an oral disclosure, use, exhibition or 
other means 

•p- document published prior to the international filing date but 
laUr than the priority dau claimed 

Dau of the actual completion of the international search 

14 February 1996 



□ 



patent family members are lisud in annex. 



~p later document published after the »terMac««l fiUiy date 
oTpnonty dale' and not in conflict with apgicatton but 
atedto understand the principle or theory underlying the 
invention 

•X- document of particular relevance; ^^"^^° to n 
cannot be considered novel or cannot be considered to 
SJJSve^TnSntive sup when the document is taken alone 

"Y* document of particular relevance; the claimed inven ? on . 
caravoTbe coSdered to involve an »nvenove sup wh«. the 
SSSSeS « combined with one or more odwsuch docu- 
menu, such combination being obvious to a person stalled 
tn the art 

'A* document member of the same patent family 
Dau of mailing of the inUmationaJ search report 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 PatenUaan 2 
NL - 2280 HV Riiswijk 
Td. (^ 31*70) 340-2040, Tx. 31 651 epo nl. 
Fax: (* 31-70) 340-3016 



Authorized officer 



Masturzo, P 



Form PCT.TSA/JI0O 



l thmi) (July 1*92} 



page 1 of 2 



2 





^ INTERNATIONAL SEARCH REPORT 


[ntc *>nal Application No 

PCT/GB 95/02583 


C(Conttnuauon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


Ouaon of document, with indication, where appropnate, of the relevant passages 


Relevant to claim No. 


P.X 


CHEMICAL ABSTRACTS, vol. 122, no. 19, 

8 May 1995 

Columbus, Ohio, US; 

abstract no. 233798u, 

E WARBRICK ET AL. 'A small peptide 

inhibitor of DNA replication defines the 

site of interaction between the 

cycl in-dependent kinase inhibitor p21waf 

and proliferating cell nuclear antigen' 

page 443; 

see abstract 

& CURRENT BIOLOGY, 

vol. 5, no. 3, 1995 

pages 275-282, 




l-ll 


X 


NATURE, 

vol. 369, 16 June 1994 LONDON GB, 
pages 574-578, 

S WAGA ET AL. 'The p21 inhibitor of 
cycl in-dependent kinases controls DNA 
replication by interaction with PCNA' 
cited in the application 
see the whole document 




1 



Form PCT /IS A/3! B (amusutHHi of tmmuA steal) (July lt92) 



page 2 of 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Q^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

E^COLOR OR BLACK AND WHITE PHOTOGRAPHS 
l^kGRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



